A preliminary analysis of a global survey of Magellan data covering over 90% of the surface and designed to document the characteristics, location, and dimensions of all major volcanic features on Venus has revealed over 1660 landforms and deposits. These include over 550 shield fields (concentrations of 
INTRODUCTION
Volcanism is an extremely important process in planetary evolution. The study of the nature and distribution of surface volcanic deposits and structures provides information on petrogenesis and petrologic diversity, modes of crustal formation and evolution, associations and relationships with other geologic processes such as tectonism, modes of planetary heat loss and the role of advection, planetary and local thermal structure and thermal evolution, mantle convection patterns, and the significance of volcanism in contributions to the atmosphere. The study of volcanism on Venus has provided insight into several of these questions and issues. Previous analyses of Venera lander data [Surkov et al., 1984 [Surkov et al., , 1987 , Earth-based radar data [Campbell et al., 1984 Barsukov et al., 1992] have shown the abundance of volcanic deposits on Venus and the diversity and association of some volcanic edifices and smactures. However, image resolution was poorer than 1-3 km, and coverage was regional, rather than global. The Magellan mission, however, has provided nearglobal coverage of high-resolution images and altimetry [Pettengill et al., 1991; , and analysis of the initial data has shown important new details of the nature of volcanism on Venus . In this paper we provide the first classification and documentation of the range of morphologic features and structures of apparent volcanic origin on Venus, their size distribution, and their global distribution and associations. We then use these data to address some of the major questions about volcanism on Venus.
GENERAL •ARY ENVmONMENTS AND ASSOCIATIONS
Planetary environments (presehce and nature of an atmosphere and surface temperatures and pressures) and basic planetary physical properties (size, density, gravity, thermal structure, and evolution) have an important influence on the generation, ascent, eruption, and morphology of volcanic deposits Head, 1981, 1983; Head and Solomon, 1981] . Venus is comparable to the Earth in size and density, but the very high surface temperatures and pressures (470øC and about 98 bars at mean planetary radius (MPR) potentially influence surface and near-surface volcanic processes. For example, high surface temperatures inhibit radiative cooling of lava flows, but the high atmospheric density means that convective cooling is likely to be more effective initially, and flows will actually initially cool faster on Venus than on Earth [Frenkel and Zabalueva, 1983; Head and Wilson, 1986 ]. Thus, a flow on Venus might be about 20% longer but undergo a pahoehoe to aa transition more rapidly than a comparable flow on Earth. The abnormally high atmospheric pressure influences the amount of magmatic volatile exsolution in the shallow crust of Venus and inhibits the explosive disruption of gasmagma mixtures [Head and Wilson, 1986] . For example, a basaltic magma on Earth containing 0.1-0.4 wt % volatiles and rising to the surface would undergo explosive disruption as the volume fraction of exsolved gas exceeded about 70% to produce a Hawaiian-type fire fountain [Head and Wilson, 1987] . A similar eruption on Venus would exsolve less gas, and explosive disruption would not occur [Head and Wilson, 1992a] . Theory predicts that pyroclastic activity would be limited to cases in which bubble coalescence produced abnormally high gas content, as in strombolian activity, or to situations where magma volatile content exceeded several weight percent [Head and Wilson, 1986] .
In addition to the high absolute pressure, the distinctive pressure gradient with altitude has an important influence on volatile exsolution, the density structure of the upper crust, and the presence, depth, and evolution of neutral buoyancy zones [Head and Wilson, 1992a ]. On Earth, common volatile contents lead to explosive disruption of magma (fire fountaining) and associated gas loss, after which the bulk density is relatively higher, while on Venus, explosive disruption is rare, and the extruded lavas generally retain whatever amount of gas they exsolve and bulk density of flows can be relatively lower. Flows can achieve densities that are lower than those of magmas with initially comparable volatile contents on Earth. On Venus, the significant variation in Shield fields clearly represent the concentration of numerous individual small volcanic vents and imply the presence of a larger source of magma at depth, as is strongly indicated by their association with large shields and coronae . They may be the surface manifestation of hot spots or plumes, with the individual shields representing surface extrusions from a plexus of dikes penetrating toward the surface from the magma reservoir by several potential mechanisms (Figure 2g ). An outstanding question is: Why are shield fields different than large shields and coronae? Rising mantle plumes are likely to manifest themselves differently at and 40 km diameter, tailing out toward larger diameters ( Figure  3c ). The areal distribution of anemone-type volcanoes (not including steep-sided domes, "ticks", and other intermediate volcanoes) (Figure 3d ) is uneven, with concentrations in the Beta/Atla/Themis/Imdr region; they also appear to occur preferentially on the flanks of the equatorial highlands. There is a paucity of anemones in the lowlands; only about 20% of the total population is found at or below MPR. This may be related to the prediction that neutral buoyancy zones will not be favored at high atmospheric pressures (low surface term farra/farrum. They are very similar in morphology to rhyolite and dacite domes on Earth which owe their steep sides and heights to the high viscosity of the magma. However, in contrast to these domes on Earth, which are commonly less than 1 km in diameter and 200 m in height, the domes on Venus are much larger. The 152 domes mapped thus far in this analysis range in diameter ( Figure 3J) far. Many surface features labeled as patera in previous maps fit adequately within the defined characteristics of arachnoids. It is probable that the term "patera" has evolved in usage from that as originally defined and has come to mean any feature similar to Alba Patera on Mars (a broad low shield volcano with an irregular-shaped summit caldera and throughgoing graben). Eventually, the terms patera and arachnoid must be better defined in order to reduce these ambiguities. 2. Pits at the summit of small shields are essentially small calderas but are less than 20 km in diameter. This specific size dependence applies to Venus only; the minimum size to which the term caldera is often applied on Earth is generally somewhat smaller (a few kilometers). Senske Topographically, the majority of the region lies above mean planetary radius and is irregularly surrounded by lowland regions (Guinevere, Lavinia, Helen, Aino and Atalanta planitiae) (Figures 11 and 12 identified 13 areas larger than 1 x 106 km 2 that showed relatively high or low impact crater densities and performed a similar analysis to assess the geologic characteristics, focusing on variations in crater degradation state, homogeneity of plains units, and coronae characteristics. They found that these areas showed geologic evidence for relatively older or younger ages and that the evidence was sufficient to reject the idea that they represented chance occurrences in a completely spatially random crater population representing a single production surface. Are the data cited above (showing regions of relatively older and younger geologic activity) sufficient to distinguish between a single-production-age resurfacing model (where the crater population is completely spatially random) and the equilibrium-resurfacing model (where the crater distribution pattern is the result of processes that both form and remove craters)? Equilibrium resurfacing means that there is a competition between processes of impact crater formation and crater removal, presumably by volcanism (although tectonism is playing a role). In an equilibrium population, the average number of craters on the surface is constant over time; thus, 
